The aim of this study was to evaluate the influence of a novel ultrasonic tip as an auxiliary method for removing filling material from flattened/oval-shaped canals. The null hypothesis tested was that this method does not influence removing the filling material in flattened/ oval-shaped canals. Forty-five mandibular incisors were selected and randomly divided into three experimental groups (n = 15) according to different protocols for removing root canal filling material. Group R: Reciproc R25/.08, Group RC: Reciproc R25/.08 + Clearsonic tip, and Group CR: Clearsonic tip + Reciproc R25/.08. The teeth were scanned pre and post-operatively by means of a micro-computed tomography system. Data were analyzed using non-parametric Kruskal-Wallis and Dunn tests (p < 0.05). The percentage of residual root canal filling material between the experimental groups was examined. Statistically significant differences between the experimental groups were found in the root canal. Group R had the highest percentage of residual root canal filling material when compared with Groups RC and CR. The lowest percentage of residual root canal filling material was observed in Group CR. In the apical third of the root canal, statistically significant differences were found between the different protocols. The use of the ClearSonic tip followed by the Reciproc 25/.08 file to remove filling material resulted in the lowest percentage of residuals in the whole root canal and in the apical third.
Introduction
Failure in endodontic treatment has been related to the presence of residual bacteria or secondary infections. 1 In these cases, non-surgical retreatment should be considered the first and most conservative approach to improve prognosis. 1, 2 Conventional endodontic treatment consists of cleaning, shaping, and filling the root canal system, offering a more favorable outcome when compared to endodontic surgery. 2 Adequate removal of the endodontic filling material during retreatment procedures is essential to enhance the cleaning of the root canal system, avoiding the occurrence of reinfections and facilitating the healing of the periapical tissues. 1, 2 Different methods have been suggested for this purpose, including the use of heat, solvents, nickel-titanium (Ni-Ti) files, ultrasonic tips, or a combination of these techniques. 3, 4, 5 The combined use of the dental operating microscope with specially designed ultrasonic tips has been recommended for endodontic retreatment procedures. 3 The clarity and details of the magnified field can improve precision during gutta-percha removal. 3 The Reciproc system (VDW, Munich, Germany), consisting of single-use reciprocating files, has also been indicated for retreatment purposes. 5 According to some studies, 2, 6 reciprocating files have shown satisfactory results in retreatment procedures when used with a brushing motion against the root canal walls. Complete removal of filling materials should enable instruments and irrigating solutions to reach different areas of the root canal system. 7 The achievement of patency and cleaning as near as possible to the apical region have been identified as prognostic factors related to periapical healing. 7 For this reason, new protocols to reduce the residual of filling material during retreatment procedures should be studied.
Ultrasonic retreatment tips have been developed for removing filling material from the root canal walls, offering a promising outcome. 3, 4 Recently, a novel ultrasonic tip (Clearsonic, Helse Ultrasonic, Santa Rosa de Viterbo, Brazil) with an arrow-shaped section has been proposed as an auxiliary method for removing endodontic filling materials from flattened or ovalshaped canals. A literature search revealed that there are no previous studies about this novel ultrasonic tip. Thus, the purpose of this study was to evaluate the effect of a novel ultrasonic tip as an auxiliary method for removing filling material from oval/flattened root canals with the aid of the dental operating microscope (DOM) and micro-computed tomography (µ-CT) analysis. The null hypothesis was that the use of the Clearsonic tip does not affect the removal of filling material from flattened/oval-shaped canals.
Methodology

Specimen selection
The sample calculation was performed using the G*Power v3.1 for Mac (Heinrich Heine, Universität Düsseldorf) by selecting the one-way ANOVA fixed test. The data of a previous study with a similar number of samples were used 8 and the effect size of the present study was established (0.65). The alpha (type I error) of 0.05 and a beta of 0.95 were also stipulated. A total of 14 specimens per group were indicated as the ideal size required for finding significant differences. An additional specimen per group was used to compensate possible loss while performing the experiments.
Forty-five mandibular incisors that were extracted from patients for reasons unrelated to this study were acquired after the Ethics Committee on Human Research approved the study (CEP 2.112.063). The samples were scanned before and after the procedures with a Skyscan 1174 micro-computed tomography system (Bruker-microCT, Kontich, Belgium). The parameters used were 50 kV, 800 mA, and a voxel size of 16.8-μm. The system included a charge-coupled device camera (1304_1024 pixels). Radiographic images of each sample were reconstructed by using the NRecon software (Bruker-microCT Kontich, Belgium). Three-dimensional models were reconstructed after the segmentation and binarization processes with the CTAn v.1.12 software (Bruker-microCT Kontich, Belgium). CTVol v.2.2.1 and Data Viewer software programs (Bruker-micro CT Kontich, Belgium) were used for visualizing and evaluating the internal anatomy. The teeth were selected according to a novel classification. 9 Only 1 TN 1 mandibular incisors with oval-shaped canals were selected. To be considered an oval-shaped canal, the bucco-lingual diameter had to be at least twice as wide as the mesio-distal diameter throughout the coronal two-thirds. 10, 11 Teeth with two root canals, an open apex, or with previous endodontic treatment were excluded.
During the experimental procedures, all the specimens were placed in a customized metallic muffle prepared for each specimen and fixed internally with silicone impression material to simulate clinical conditions. Access cavities were performed with a size 2 high-speed diamond bur (FG 1012 KG Sorensen, São Paulo, Brazil) under water spray. The working length was determined by placing a size 15 K-file (Dentsply Maillefer, Ballaigues, Switzerland) into the canal until it was visible at the root apex under the dental operating microscope (Alliance Microscopia, São Carlos, Brazil), and was established at 1 mm short of this length. The samples (N=45) were randomly divided into three experimental groups according to the preparation technique. An endodontic specialist performed all the procedures at 6x magnification (Alliance Microscopia, São Carlos, Brazil).
Shaping procedures
Group PFCP: ProDesign Logic 25/.05 + Flatsonic (coronal and middle thirds) + Clearsonic (coronal and middle thirds) + Prodesign Logic 40/.01 (n = 15) A size 15 K-file (Dentsply Maillefer, Ballaigues, Switzerland) was passively inserted up to the working length of the root canal. The ProDesign Logic 25/.05 instrument was operated in rotating motion powered by a torque-limited electric motor (Easy Equipamentos Odontológicos, Belo Horizonte, Brazil) at 950 rpm and 4 N/cm torque in accordance with the manufacturer's instructions. The instrument was introduced into the root canal until resistance was felt, and a brushing motion within a 3-mm amplitude limit was applied three times. Subsequently, the instrument was removed and cleaned, and the root canal was irrigated with 3 mL of 1% sodium hypochlorite (NaOCl). This sequence was repeated until 2/3 of the working length was reached. An ultrasonic tip with a flattened arrowshaped design (Flatsonic, Helse Ultrasonic, Santa Rosa do Viterbo, Brazil) mounted in an ultrasonic device (NSK Brasil Ldta, São Paulo, Brazil) at a frequency of 30 kHz was used. The tip was activated for three cycles of 20 seconds in the buccal-lingual direction with the purpose of touching these walls. The protocol for this procedure, determined after a pilot study, was repeated three times, and after each cycle, 3 mL of 1% NaOCl was used for irrigation. Another ultrasonic tip with a convex arrow-shaped design (Clearsonic) was used, applying the same protocol for ultrasonic instrumentation of the root canal as previously described. The ProDesign Logic 40/.01 instrument was operated at 350 rpm and 1 N/ cm torque in accordance with the manufacturer's instructions and under the experimental conditions described for the use of these rotary files. Afterwards, the instrument was removed and cleaned and the root canal was irrigated as described above. This sequence was repeated until reaching the working length of the root canal. A size 15 K-file (Dentsply Maillefer, Ballaigues, Switzerland) was passively inserted into the working length of the root canals. The ProDesign Logic 25/.05 instrument was operated in rotating motion powered by a torque-limited electric motor (Easy Equipamentos Odontológicos, Belo Horizonte, Minas Gerais, Brazil) at 950 rpm and 4 N/cm torque in accordance with the manufacturer's instructions. The instrument was introduced into the root canal until resistance was felt and a brushing motion within a 3 mm amplitude limit was applied three times. Subsequently, the instrument was removed and cleaned and the root canal was irrigated with 3 mL of 1% sodium hypochlorite (NaOCl). This sequence was repeated until the working length was reached. Afterwards, the ProDesign Logic 40/.05 instrument was operated in the same manner as the ProDesign Logic 25/.05 instrument. Subsequently, the instrument was removed and cleaned and the root canal was irrigated as described above. This sequence was repeated until the working length was reached.
Root canal filling procedures
Subsequently, a final irrigation protocol was used, consisting of 2 mL of refreshed 2.5% NaOCl, ultrasonically activated with an ultrasonic device (NSK) using an Irrisonic tip (size 20, 0.01 taper) (Helse Ultrasonic, Santa Rosa do Viterbo, Brazil) set to low power, three times for 20 seconds each. The specimens were flushed with 17% EDTA for 3 minutes and ultrasonically activated for 60 seconds. The root canals were flushed with 2 mL of 2.5% NaOCl and ultrasonically activated three times for 20 seconds. 12 The specimens were finally rinsed with saline solution, and then dried with sterile paper points. Afterwards, the samples were scanned using the standardized parameters previously mentioned.
Root canals were filled by the continuous wave of condensation technique, using a size 25/.04 or 40/.04 master gutta-percha points (Dentsply Tulsa Dental Specialties, Tulsa, Oklahoma, USA) according to the instrumentation protocol applied. An epoxy resin-based sealer, Sealer Plus (MK Life, Porto Alegre, Brazil), was used in all groups. 13, 14 A FF or MF (depending on the master cone size) heat carrier tip (Friendo, Endo Apex, Dentazon Corporation, Gyeonggi-do, Korea) set at 170°C was inserted 5 mm from the working length and activated for 10 seconds. After this, it was reactivated for 1 second and removed from the canal. 6 The middle and coronal portions of the root canals were filled with Gutta Easy, (Endo Apex, Dentazon Corporation, Gyeonggi-do, Korea) at a temperature of 180°C and compacted with compatible Shilder pluggers (Dentsply Maillefer. Ballaigues, Switzerland). The specimens were temporarily restored with Cavit (3M ESPE, Seefeld, Germany) and then stored at 100% humidity at 37°C for 30 days to allow complete setting of the sealer before the micro-computed tomography scans.
Micro-computed tomographic analysis
The CTAn software (v.1.12, Bruker-microCT) was used for measuring the volume of radiopaque filling material (mm 3 ) and the presence of residual filling material was calculated as a percentage. 11 Qualitative two-dimensional and three-dimensional analysis of residuals in the total root canal and apical portion of the canal were assessed on cross-sectional images and 3D models by using the CTAn (v.1.12, Bruker-microCT) and CTVol (v.2.3.1, Bruker-microCT) software programs.
Filling removal technique
The filling removal procedures were performed with the use of a dental operating microscope (Alliance Microscopia, São Carlos, Brazil) at 6x magnification. The specimens were randomly divided into three groups according to the filling removal technique.
Group R: Reciproc R25/.08 (n = 15) In this group, the Reciproc R25 instrument was used with the VDW Silver motor in an in-and-out pecking motion until the working length was reached, using the RECIPROC ALL mode. Subsequently, a brushing motion was applied until no residual filling material was visible under the DOM. A single operator performed all filling removal procedures. One drop (0.8 mL) of xylene solvent was placed in the pulp chamber for 1 minute before starting the removal procedure. The root canals were irrigated with 1% NaOCl. The specimens were scanned using the parameters previously described, by means of a Skyscan 1174 micro-computed tomography system (Bruker-microCT, Kontich, Belgium).
Group RC: Reciproc R25/.08 + Clearsonic (n = 15)
The Reciproc R25 instrument was used under the same experimental conditions as described for the specimens in Group R Thus, an ultrasonic tip with an arrow-shaped design R1 Clearsonic (Figure 1 ) mounted in an ultrasonic device (NSK) at a frequency of 30 kHz was used. The device was activated for six cycles of 20 seconds in the bucco-lingual direction using an in-and-out pecking motion with the purpose of removing the filling material from the coronal and middle thirds of the root canal for a total of 2 minutes. The root canals were irrigated with 1% NaOCl. The specimens were scanned for the last time.
Group CR: Clearsonic + Reciproc R25/.08 (n = 15) Firstly, the Clearsonic ultrasonic tip was used to remove the filling material, following the same protocol applied for the specimens in Group RC. The Reciproc R25 instrument was used under the same experimental conditions as previously described. The root canals were irrigated with 1% NaOCl and the specimens were scanned for the last time.
Statistical analysis
For data analysis, the Graph Pad Prism 6 (GraphPad Software, Inc., California, USA) software was used. The non-parametric Kruskal-Wallis and Dunn tests were performed due to the presence of non-normal distribution according to the Shapiro-Wilk's test. The significance level was 5%.
Results
The percentage of residual root canal filling material in the total root canal presented statistically significant differences between Groups R and RC (p < 0.05; Table 1 ; Figure 2) . Similarly, Group R differed from group CR (p < 0.05; Table 1 ; Figure 2 ) showing significant differences. Group R showed the highest percentage of residuals (76%) when compared with Groups RC (24%) and CR (16%), which had the lowest percentage of residuals. Concerning the percentage of residuals in the apical third of the root canal, statistically significant differences were found when Group R (86%) and RC (100%) were compared with Group CR (21%). The technique used in Group CR showed the lowest percentage of residuals (p < 0.05; Table; Figure 2 ).
Discussion
Failure in endodontic treatment has been associated to the presence of residual bacteria or reinfection of endodontically treated teeth because of inadequate cleaning, disinfection, shaping or filling of the root canals. 11 The objective of endodontic retreatment is the removal of the contaminated filling material 15 and bacterial remnants from the root canal space. 10 the present study, the efficacy of different protocols for removing filling material from oval/flattened root canals with the aid of a dental operating microscope (DOM) was assessed by µ-CT. The use of engine-driven instruments, convenient for retreatment procedures due to their agility and safety, minimizes both operator and patient fatigue. 2 Oval canals were selected for this study because removing the filling material from these teeth is a challenging procedure. 6, 10, 11 Therefore, the use of ultrasonic technology for the removal of filling material in the coronal and middle thirds, 16 as well as the DOM, have been recommended during endodontic retreatment. 1 Studies have reported that none of the existing systems removes all the residual filling material from the root canal space. 6 Therefore, xylene was used as a solvent to facilitate the removal of guttapercha due to its efficient dissolving action. 4, 17 However, practitioners may encounter difficulties during retreatment procedures even with the aid of magnification and ultrasound. 6 non-invasive and reproducible method that allows the development of accurate three-dimensional models and acquisition of quantitative data without destroying the samples. 18, 19, 20 . This technology is considered ideal for quantifying the volume of filling material before and after its removal. 11, 17 The null hypothesis that there is no significant difference between the protocols used for the removal of filling material was rejected. The results of this study revealed that none of the protocols was able to completely remove the filling material in flattened/oval-shaped canals. Consequently, residual filling material was found in all specimens. Relative to the percentage of residues in the total root canal, Group R showed the highest percentage (76%) when compared with Groups RC (24%) and CR (16%). This suggested that the use of Reciproc 25/.08 alone was insufficient to promote a substantial reduction in the percentage of filling material residuals in flattened/oval-shaped canals, possibly due to the difficulties related to the anatomy of these teeth. Otherwise, the lowest percentage of residuals was found in Group CR. In the apical third of the root canal, Group R (86%) and RC (100%) had higher percentages of residuals than Group CR (21%), which showed the lowest percentage. According to these results, the use of ClearSonic was the most effective method for removing the filling material from the coronal and middle thirds, and Reciproc 25/.08, was the most effective in the total canal and apical third of the oval-shaped canals. These results were in agreement with those of a previous study, in which use of the DOM associated with an ultrasonic tip for endodontic retreatment improved the removal of filling material compared with the control group without the use of this technology. 3 Increased visualization of a properly illuminated field plays an important role during the procedure. 3 However, the use of an ultrasonic instrument is essential to dislodge the filling material, promoted by the cutting effect of low piezoelectric oscillation. 3 The use of hybrid techniques and larger preparation diameters may enhance the cleanliness of the root canal walls. 7 However, filling material removal depends on preoperative factors, such as root canal morphology, filling materials, and size and diameter of the prepared canal. 7 The use of different instrumentation protocols might have affected the results and is a limitation of our study.
A study by Kasam and Mariswamy 4 described the use of an ultrasonic tip for the retreatment of mandibular premolars. The authors explained that the ultrasonic tip removed material from the root canals within a short time and produced little extrusion. The ultrasonic vibration promoted the displacement of the filling material from the root canal walls by enhancing sealer removal. 4 The frictional heat produced by the ultrasonic instrument causes a synergistic effect on gutta-percha, leading to its softening and displacement from the root canal. 4 In the same study, 4 the authors showed that the best results for removing filling material were observed in the coronal (6%) and middle (7%) thirds of the canal compared with the apical third (14%), due to the tip diameter (0.06) that was too large to reach the apical third. Similarly, the protocols used in our study left a higher percentage of filling material in the apical third. These results could be explained by the diameter of the ClearSonic ultrasonic tip, which corresponds to an ISO size 50 file (0.5 mm), restricting its access to the apical third of the root canal. Crozeta et al. 11 reported a 43% of residual filling material in the total canal and 70% in the apical third of oval-shaped canals prepared with Reciproc 50/.05. In this case, a size 50 file was considered the ideal instrument for preparing ovalshaped distal canals of mandibular molars. These results were due to the reciprocating motion that induce the instrument to progressively move forward and push debris toward the apex. 11, 21 Therefore, the higher percentages of residual filling material in the apical third was also expected in the present study.
On the other hand, Bernardes et al. 10 studied the amount of residual filling material in flattened canals after using different techniques with or without ultrasonic activation of irrigants. Specimens treated with ultrasonically activated irrigants and the Reciproc 50/.05 file showed 1.6% of residual filling material, similar to the use of Reciproc alone (4%). The efficiency of the Reciproc file for removing the filling materials has been described in previous studies that used circular or curved canals. 1, 2, 5, 10, 15, 17 To the best of our knowledge, this is the first study to assess the influence of this novel ultrasonic tip compared with the Reciproc 25/.08 file for removing the filling material in flattened or oval-shaped mandibular incisors. This was achieved by using the Reciproc 25/.08 file alone or associating this instrument with the Clearsonic tip to test the efficacy of this protocol considering the anatomy of the specimens. However, the authors did not examine the ability of the instruments to re-prepare the oval-shaped root canals.
Conclusion
Within the limitations of this laboratory study, the null hypothesis that a novel ultrasonic tip does not influence the removal of filling material was rejected. The presence of residual filling material was observed in the oval/flattened root canals, irrespective of the protocol used. The use of the Clearsonic tip before the Reciproc 25/.08 file provided the lowest percentage of residual filling material in the total canal and apical third of the root canals.
